BACKGROUND: Flat foot is a typical clinical sign in childhood, expressed as valgus positioning of the heel during vertical foot loading. This may lead to medial deviation of the foot axis and cause overloading of some foot areas.
INTRODUCTION
The number of children with foot deformities is on the rise. Many researchers have made the effort to find the causes of foot deformities and to create effective therapeutic approaches (Zafiropoulos, Prasad, Kouboura, & Danis, 2009 ). The foot arch acts as a shockabsorber to maintain gait flexibility; therefore, any foot pathology can seriously affect the total body statics (Kapandji, 1987 ).
An important part of the foot shape development is the quality of the afferent adjustment. Sensory deprivation leads to reduced stimuli from the sole because lack of physical activity. Another major factor is the quality of the footwear influencing the shape of the child's foot (Chuter & Janse de Jonge, 2012; Vařeka & Vařeková, 2009) .
Clinically, flatfoot gets manifested during vertical foot loading as valgus positioning of the heel with the partial disappearance of concavity of medial arch (Vařeka & Vařeková, 2012) . The function of the foot arch to lower plantar loading in the metatarsal heads thus fails, and increased loading mainly in the medial part of the foot can be detected (Han, Koo, Jung, Kim, & Lee, 2011; Ledoux & Hillstrom, 2002; Valmassy, 1996) .
The inverse position of the forefoot, with regard to the rearfoot at midtarsal joint (varus forefoot), increases due to inadequate torsion of the talus in the frontal plane during development. As compensation for this type of foot, so that the forefoot can support the body during contact with the mat (stance phase form), the valgus heel forms (Valmassy, 1996; Vařeka & Vařeková, 2005) .
Varus forefoot is characterized by reduced dorsiflexors activity during initial contact and loading response (Hoogvliet, van Duyl, de Bakker, Mulder, & Stam, 1997; Perry & Burnfield, 2010; Whittle, 1996) . The following phase of the gait, where the flatfoot can cause some difficulties, is propulsion that the hypermobile Chopart's joint is unable to facilitate in the form of forefoot pronation and thus remains locked (Valmassy, 1996) . During the propulsion, the foot fails in fulfilling the role of a rigid lever and causes overloading of the medial foot arch (Ledoux & Hillstrom, 2002) .
In children from 2 to 3 years, valgus heel can be considered as normal up to 15° and as pathological from 20° (Dungl et al., 2005) . In adults, the normal value of heel valgus is considered up to 5° (Vařeka & Vařeková, 2009) . Foot function should be described in association with the load, inclusive of all compensations. Assessing the loading of a foot allows understanding the differences between the physiological and pathological patterns of the child's foot (Haris, Smith, & Marks, 2008) .
The aim of this study was to determine the influence of valgus heel position on foot loading and foot axis during gait.
MATERIALS AND METHODS

Subjects
The observed group included children from two kindergartens and one primary school in Frýdek-Místek, and patients from the Orthopaedic prosthetic centre in Frýdek-Místek.
The experimental group consisted of children with bilateral heel valgus deformity (16 children, age 5.3 ± 1.3 years, height 112 ± 12 cm, weight 20.8 ± 6.6 kg) and children with unilateral heel valgus deformity (14 children, age 5.6 ± 1.6 years, height 117 ± 11 cm, weight 21.6 ± 3.8 kg). The control group consisted of 14 children (age 4.5 ± 1.2 years, height 106 ± 8 cm, weight 17.1 ± 3.4 kg).
Procedure
After the preliminary phase (signing of informed consent by the child's guardian and a questionnaire on any history of trauma or neurological or congenital developmental defects), an entrance examination of the child was conducted to determine the body weight and height of the child. Subsequently the evaluation of the child's somatotype and a tentative examination of the range of motion at the hip, knee and ankle joints were performed. The heel valgus angle was determined in standing position by a goniometer.
Pressure distribution on the foot during gait was analyzed by a two-metre long pressure plate Footscan (RSscan International, Olen, Belgium). Each subject performed at least 8 gait trials.
Data processing
For data processing, the Footscan gait software (version 7.97, RSScan International, Olen, Belgium) was used. Each foot was divided into 8 areas -the big toe (T1), the 1 st to 5 th metatarsals (M1, M2, M3, M4, M5) and the lateral and medial part of the heel (HL, HM).
The average values of variables pressure peak (MaxP), the relative time of pressure peak (time MaxP) and pressure impulse (Impulse) was calculated for each foot and area. The foot axis angle (the angle between foot axis and gait direction) was determined from the pressure distribution data.
The observed data was statistically processed in STATISTICA 10.0 (StatSoft, Inc., Tulsa, OK, USA). To determine the differences between the groups, we used the MannWhitney U test. For comparing the valgus and non-valgus limb in the group of unilateral heel valgus, the Wilcoxon test was performed. The Spearman correlation was used for evaluating the correlations between the foot axis position and the pressure variables. The P value of less than 0.05 was deemed as significant.
RESULTS
Rearfoot area
For groups without valgus and with bilateral valgus heel position, no significant differences were found (TABLE 1). In the group with unilateral valgus heel, we found lowered pressure peak (MaxP) of the medial heel (p < 0.05) and increased pressure peak of the lateral heel (p < 0.01) in the limb with valgus heel position (TABLE 2) .
Forefoot area
For the group with bilateral valgus heel position, we found significantly greater relative time of pressure peak in the big toe, significantly greater pressure peak and pressure impulse in the 1 st metatarsal (p < 0.01, TABLE 3) and significantly lower pressure peak in the 4 th metatarsal (p < 0.05, TABLE 3). In the group of subjects with unilateral valgus heel in the valgus limb, significantly greater pressure peak (p < 0.05) and relative time of pressure peak (p < 0.01, TABLE 4) in the 3 rd metatarsal was detected. For the 4 th metatarsal we found on this limb significantly greater value for pressure impulse (p < 0.05), for the 5 th metatarsal greater pressure peak (p < 0.05) and pressure impulse (p < 0.01).
DISCUSSION
A pathological position of the foot leads to nonuniform body weight distribution (Vařeka & Vařeková, 2005) . Increased load in the medial part of the foot occurs during malfunctioning of the foot arch (Han et al., 2011; Ledoux & Hillstrom, 2002; Valmassy, 1996; etc.) . Inadequate pressure distribution at the foot's area, often with valgus heel position, may cause medial deviation of the foot axis and also affect the position of the proximal body segments, especially at the hip joint and the pelvis (Duval, Lam, & Sanderson, 2010; Franz, Paylo, Dicharry, Riley, & Kerrigan, 2009; Khamis & Yizhar, 2007; etc.) . The greater part of the gait cycle takes place in the stance phase and only in this phase do the potential compensatory mechanisms of the body come into play (Vařeka & Vařeková, 2005) . Thus, the gait abnormalities may manifest in some degree of compensation as result of the problem (Whittle, 1996) .
In this study, the differences in the loading of a child's foot between valgus and non-valgus heel position during gait were demonstrated. The comparison of the bilateral valgus and non-valgus group showed increased loading in the forefoot area (big toe, first metatarsal) and lowered loading in the fourth metatarsal in the valgus group. Ledoux and Hillstrom (2002) found increased loading below the big toe in bilateral valgus heel position, with general overloading of the first foot ray. Han et al. (2011) found significant reduction in foot loading in the fourth and fifth metatarsals and in the lateral part of the heel in bilateral flatfoot. Their conclusion correlates with the results of our study.
In our case, similar to the study by Ledoux and Hillstrom (2002) , the forefoot becomes the site for possible loading compensation. It results in inadequate distribution of the body weight, which is reflected in dysfunction of the normal foot function (Brodtkorb, Kogler, & Arndt, 2008 ). The rearfoot is not able to cooperate with the forefoot and thus cannot prevent its inappropriate loading.
The comparison of limbs with valgus and non-valgus heel position in the group with unilateral valgus heel position showed significant changes in the forefoot and the rearfoot. In the third to fifth metatarsal, significantly greater loading was found on the limb with valgus heel. The reason may be the necessity to enlarge the support base due to instability of the affected foot (Véle, 2006) .
Increased loading in the third metatarsal head was presented by Vařeka and Vařeková (2005) . Reduced medial arch is often associated with metatarsal pain, most often with pain in the second and the third metatarsal heads. However, there is lack of scientific studies Regarding the correlation between the position of foot axis and heel valgus, we found significant difference in the group with unilateral valgus heel position where the foot axis was rotated more medially in the limb with valgus heel position. This correlates with the results of Han et al. (2011) , which states medial foot deviation in the flatfoot. However, the authors presented the results concerning bilateral valgus and non-valgus groups. In our research, we found the tendency of the foot axis to rotate towards the medial part of the foot in the bilateral heel valgus group; however, the correlation was not significant.
Greater loading on the limb without valgus heel position is key to understanding the flatfoot issue in general. It indicates the possibility of incorrect perception of the flatfoot problem as a local foot disability. This understanding of flatfoot is confirmed also by the studies related to the hip and the pelvis, which are, with regard to the foot, "distant" segments (Fubry, 2010) . The foot as the terminal segment is an important part of the postural system of the entire body. Therefore, it is important to observe these relations in a wider context, especially in cases where the foot is a key segment in the dynamics of the whole body (Chuter & Janse de Jonge, 2012; Kapandji, 1987; Lewit & Lepšíková, 2008; Vařeka & Vařeková, 2012) .
Understanding the correlations should help in more efficient treatment of foot pathologies not only in children but also in adults. In children, through early diagnosis and proper treatment (orthotics + active exercise), we can reduce the range of possible musculoskeletal compensations in adulthood when the human body, pursuant to inappropriate setting of the individual segments, is exposed not only to physical but also mental stress. Cetin, Sevil, Karaoglu, and Yucekaya (2011) reported that 90% of flatfoot in children should not be treated, but this problem may not be seen only as an exclusive problem of growth. Additionally, we assume that this number will decrease rapidly due to the current trend of children's physical deprivation reaching epidemic proportions.
In flatfoot diagnosis, physicians often focus in the foot area; in some cases in the proximal body segments. However, even these segments can be affected not only Legend: C -control group (non-valgus heel position), V -experimental group (bilateral valgus heel position), p -statistical significance level, SD -standard deviation, T1 -big toe, M1 to M5 -metatarsal heads, MaxP -maximum immediate loading, Time MaxP -percentage of stance phase time during the walking, Impulse -loading during foot roll secondarily pursuant to foot dysfunction but also can be the source of the primary problem (for example, due to inadequate motor development in ontogenesis). Duval, Lam, and Sanderson (2010), Franz et al. (2009) , Khamis and Yizhar (2007) and the others emphasize the relation of foot pathology, not only for children's foot, to the proximal segments and their influence on foot positioning. Understanding foot function, its vertical loading and the possible compensatory mechanisms in the proximal segments of the lower limbs and pelvis, can help prevent movement dysfunctions, especially childhood muscle imbalances impacting later in adulthood.
The limitations of this study can be attributed mainly to the difficulties in data collection, which were given mainly by the character of the research sample (children aged from 3 to 8 years). As part of the initial examination, it was not possible to include questions regarding psychomotor development or laterality. This information should improve the complexity of the knowledge of the study and should be used in following data analysis.
Interesting directions for future research would be to evaluate the movement of the center of pressure during gait which is typical for evaluation of static balance in various groups of patients (Schwabova et al., 2012) . New findings can attempt the assessment of relationships between pressures in various foot areas in time. This procedure is typical for kinematics and use cyclograms or angle-angle diagrams (Kutilek & Viteckova, 2012) .
CONCLUSION
For the groups of children with valgus and non-valgus heel position, differences exist in foot loading during the gait cycle. The group with bilateral valgus heel loads more area of the big toe and the first metatarsal. In the group with unilateral valgus heel, the limb with heel valgus is less loaded except for the area of the third to fifth metatarsal. Foot axis in the limb with heel valgus is more rotated in the medial direction.
The foot as the distal segment of lower limb chain is a source of information about contact areas. There- 
